Background. Few population-based estimates of the incidence of respiratory syncytial virus (RSV) infection in low-or middle-income countries are available. We describe the incidence and epidemiology of hospitalizations for RSV-associated acute lower respiratory tract infection (ALRI) detected by active population-based surveillance in 2 rural Thailand provinces during 2008-2011.
active population-based surveillance on the incidence, epidemiology, and clinical characteristics of ALRI hospitalizations due to RSV among all age groups from 2008 through 2011.
METHODS

Setting
The Thailand Ministry of Public Health, in collaboration with the International Emerging Infections Program of the Global Disease Detection Thailand Regional Center, has conducted active population-based surveillance for hospitalized cases of community-acquired ALRI in all 20 hospitals in 2 rural Thailand provinces since 2002 [5, [7] [8] [9] . Sa Kaeo and Nakhon Phanom provinces are located in eastern and northeastern Thailand, bordering Cambodia and Laos, respectively. These provinces had a combined population of approximately 1.3 million persons during 2010 [10] . We initiated a study in 2003 to determine pneumonia etiology, and the detailed methods and previous findings have been published [5, 6, 9] .
Patient Selection
A case of ALRI was defined as evidence of both active infection (at least 1 of the following conditions: reported fever, reported chills, measured temperature of >38.2°C or <35°C, or an abnormal white blood cell count or differential) and lower respiratory tract disease (at least 1 of the following conditions: abnormal breath sounds, documented tachypnea, cough, sputum production, or dyspnea) in a hospitalized patient. Every other case patient with ALRI was systematically sampled for possible participation in an etiology study. Sampling was done chronologically on the basis of time of admission within each ward (eg, male ward, female ward, and pediatric ward). Chest radiographs, if obtained, were digitized and interpreted by a panel of 3 radiologists, using standard criteria as previously described [11] . Patients were considered to have radiographically confirmed pneumonia if 2 of 3 independent radiologists interpreted the chest radiograph as consistent with probable or definite pneumonia.
All adult participants and guardians of children aged <18 years provided written informed consent before study enrollment. A Centers for Disease Control and Prevention (CDC) institutional review board (protocol 3754) and the Ethical Review Committee of the Thailand Ministry of Public Health approved this study.
Specimen Collection and Laboratory Testing
Nasopharyngeal swab specimens were collected from all participants, using polyester swabs (Puritan, Guilford, ME) from 2002 to June 2010 and flocked swabs (FLOQSwabs, Copan, Murrieta, CA) since July 2010. Nasopharyngeal specimens were inoculated in viral transport media, stored at 4°C-8°C for up to 24 hours before being frozen at −70°C, and transported weekly on dry ice to the Thailand National Institute of Health (NIH) for RSV testing using a sensitive real-time reverse transcription polymerase chain reaction (rRT-PCR) targeting conserved regions of the matrix gene as previously described [5, 12] . The Thailand NIH also tested for influenza A and B viruses, adenovirus, and human metapneumovirus by rRT-PCR described elsewhere [6] . Blood specimens were obtained for culture at clinician discretion, and cultures were processed using the BactT/Alert 3D system (bioMeriéux) [13] .
Data Analysis
Readmissions within 14 days after discharge from a previous hospitalization were not considered to be distinct from the previous hospital admission. Overall crude and age-specific incidence of RSV-associated ALRI hospitalizations for 2008-2011 were calculated using population estimates from Thailand's National Economic and Social Development Board [10] . The board does not have population estimates by month for children aged <1 year, so we assumed an equal distribution of the population <12 months old. Incidence was calculated by dividing the total number of rRT-PCR-confirmed cases of RSV ALRI by the combined population of the 2 provinces. To account for cases missed because of the sampling frame and nonenrollment of eligible patients, we calculated adjusted incidence rates by assuming that the proportion positive for RSV was the same among hospitalized, enrolled patients with ALRI as that among hospitalized patients with acute LRTI who did not enroll within the same age group. The proportion of enrolled patients who were RSV positive was multiplied by the total number of eligible patients (ie, those hospitalized with ALRI), to serve as the numerator for the adjusted incidence. To calculate the incidence of RSV-associated ALRI hospitalizations involving chest radiography-confirmed pneumonia, the proportion of cases of chest radiography-confirmed pneumonia involving patients who tested positive for RSV was multiplied by the total number of cases of chest radiography-confirmed pneumonia; this adjusted number of cases of RSV-positive chest radiography-confirmed pneumonia served as the numerator for the adjusted incidence calculation. Confidence intervals (CIs) for adjusted incidence were calculated using the 95% CI for the proportion of RSV-positive cases, assuming a binomial distribution. Clinical and demographic characteristics were assessed for association with RSV positivity, using bivariate logistic regression. Adjusted odds ratios (aORs) were calculated using logistic regression models adjusted for sex and a categorical age group variable (ie, <5 years, 5-19 years, 20-49 years, 50-64 years, and ≥65 years). All analyses were conducted in SPSS, version 18 (SPSS). Abbreviations: CI, confidence interval; CXR, chest radiography. a To account for cases missed because of the sampling frame and nonenrollment of eligible patients, adjusted case numbers were calculated by assuming that the proportion positive for RSV among enrolled patients with ALRI was the same as among patients with ALRI who did not enroll. The value was calculated as the proportion of enrolled patients who were RSV positive times the total number of eligible patients (ie, those hospitalized with ALRI). b Adjusted case numbers divided by population denominator ×100 000.
RESULTS
From
enrolled and had nasopharyngeal swab specimens tested. Of those enrolled, 1137 (8.1%) were positive for RSV by rRT-PCR. (247) died, compared with 6.8% (2757) and 3.7% (1503) who were not enrolled (P < .0001 for both). These differences persisted across age groups; the difference in the case-fatality proportion for enrolled versus nonenrolled patients with ALRI was less for patients aged <5 years (0.2% vs 0.4%) than for those aged ≥5 years (2.6% vs 5.6%). The prevalence of RSV among study patients hospitalized with ALRI varied by age group, with the highest prevalence among those aged <5 years (Table 1) ; 230 (19.5%) of 1182 infants aged <1 year were RSV positive, as were 572 (15.6%) of 3657 children aged 1-4 years. The RSV prevalence was lower among older children and adults and was high among those aged ≥65 years. Of 1137 RSV-positive patients, 622 (54.7%) underwent chest radiography and had the radiograph evaluated by radiologists; of these, 430 (69.1%) had radiograph findings interpreted as consistent with pneumonia. Among patients who underwent chest radiography, the proportion of RSVpositive ALRI case patients with chest radiography-confirmed pneumonia was higher among those aged <5 years (77.9%) 53.6 than among those aged ≥5 years (25%-69%) years (25%-64%). If we assume that all patients who did not undergo chest radiography did not have radiographic evidence of pneumonia, the percentage of all RSV-positive ALRI case patients with chest radiography-confirmed pneumonia would be 40.8% among children aged <5 years, 20.3% among those aged 5-19 years, 24.1% among those aged 20-49 years, 44.4% among those aged 50-64 years, and 31% among those aged ≥65 years.
Incidence of RSV-Associated ALRI Hospitalizations
After adjustment for the sampling frame and nonenrollment of patients with eligible cases, the incidence of RSV-associated ALRI hospitalization was 85 cases per 100 000 persons/year. Rates were high among children aged <5 years (981 cases per 100 000 persons/year), especially infants aged <12 months (1543 cases per 100 000 persons/year). The highest rates occurred among children aged 6-11 months, at 1903 cases per 100 000 persons/year. Rates were relatively low among older children and young adults, higher among persons aged 50-64 years, and peaked again among persons aged ≥65 years (130 cases per 100 000 persons/year).
Age group-specific rates of RSV-positive chest radiographyconfirmed pneumonia followed similar trends as the rates of all RSV-positive ALRI hospitalizations. Rates were highest among children aged 6-11 months, lower among persons aged 5-49 years, and slightly higher among older adults. Rates of RSV-associated ALRI hospitalizations varied by year, with the highest rates occurring during 2008 and 2010 among almost all age groups ( Figure 1 ). Age group trends in incidence rate were similar across 2008-2010, but in 2011 the highest rate occurred among those aged 0-2 months.
Factors Associated With RSV-Associated ALRI Hospitalization
Among participants hospitalized with ALRI and tested for RSV, RSV positivity was not significantly associated with sex but was strongly associated with age of <5 years ( After adjustment for age and sex, RSV-positive patients with ALRI were more likely than RSV-negative patients with ALRI to have a temperature ≥38°C, reported fever, cough, sputum production, dyspnea, rhonchi, and rales on lung examination (Table 2) . Wheezing was common among all hospitalized ALRI patients and did not differ significantly by RSV positivity for children aged <5 years. Among patients aged ≥5 years, wheezing was more common among those with RSV infection. Chest radiography-confirmed pneumonia was more common among RSV-positive patients than among RSV-negative patients (aOR, 1.49 [95% CI, 1.30-1.69]). Among RSV-infected patients aged ≥50 years with ALRI, the prevalence of cancer (2.4%), liver disease (1.4%), renal disease (2.4%), cerebrovascular disease (1.0%), and heart disease (20%) was not meaningfully different from that among RSV-negative patients with ALRI. However, in this same group, chronic obstructive lung disease or another chronic lung condition (based on discharge diagnosis) was more common among RSV-positive patients (34.3%) than among RSV-negative patients (29.7%; aOR, 1.28 [95% CI, .95-1.71]). Eight RSV-infected patients (0.7%) died during hospitalization: 1 was aged 3 years, 2 were aged 50-64 years, and 5 were aged >65 years. Intubation and death were less common among RSV-positive patients than among RSV-negative patients, but after adjustment for age and sex the association was not statistically significant.
Among 290 RSV-positive patients (25.5%) with blood cultures performed, 5.2% (15) were positive for a likely bacterial pathogen, which was lower than the proportion of RSV-negative patients with a positive blood culture (335 [6.7%] of 4984); 237 blood cultures overall (4.5%) grew presumed contaminants. The most common bacterial pathogens isolated among RSV-positive patients were Burkholderia pseudomallei (3 patients), Staphylococcus aureus (2), and Escherichia coli (2).
RSV Seasonality
Seasonal peaks in RSV cases occurred most years during JulyOctober (Figure 2 
DISCUSSION
We documented the substantial incidence of RSV-associated ALRI hospitalizations in rural Thailand and confirmed the particularly high burden among children aged <5 years. As in previous studies [1, 3, 5] , we found that RSV infection was strongly associated with younger age and that incidence was highest among patients aged <5 years. We estimated that nearly 1 in 100 children aged <5 years and 2 in 100 children aged 6-11 months were hospitalized with RSV-associated ALRI annually. We also found that RSV is an important cause of ALRI hospitalizations among older adults and that 7 of 8 deaths occurred among patients aged ≥50 years.
Our findings confirm and update those of a previous study from the same 2 provinces in Thailand conducted during September 2003-December 2007 [5] . Compared with the previous study, we found 1.5-2-fold higher rates of RSV-associated ALRI hospitalizations overall (85 vs 46 cases per 100 000 persons/year) and by age group (among ages <5 years, 981 vs 507 per 100 000 persons/year). These differences are likely due to a change in enrollment criteria rather than a representation of true increases. Before 2008, only patients with clinicianordered chest radiographs were eligible for enrollment, so previous estimates did not capture RSV-associated hospitalizations among patients without chest radiographs. We believe that the current estimates better represent the true incidence and burden of RSV-associated hospitalizations. Rates of chest radiography-confirmed pneumonia, which should not have been affected by the changed eligibility criteria, were very similar in the current and previous studies, which supports the validity of these estimates.
Few previous studies have estimated the RSV incidence in low-or middle-income settings with known population denominators. RSV-associated ALRI hospitalization rates among children aged <5 years in our study (981 cases per 100 000 persons/year) exceeded those reported in a 2009 study in Kenya (293 cases per 100 000 persons/year) [14] . However, the Kenya study included only children with severe or very severe pneumonia, making direct comparison with findings from our study difficult. Moreover, hospitalization rates in the Kenya study decreased with distance from hospital, suggesting that the true rates of disease warranting hospitalization were much higher. In an analysis of community-based studies from Indonesia, Mozambique, Nigeria, and South Africa [15] , rates of RSV-associated LRI among children aged <5 years exceeded those in our study, but rates of RSV-associated severe LRI, which may be more comparable to hospitalized cases, were Abbreviation: CI, confidence interval; CXR, chest radiography; OR, odds ratio; rRT-PCR, real-time reverse-transcription polymerase chain reaction. a For the comparison of RSV-positive to RSV-negative patients with ALRI.
b Adjusted for age group and sex. The adjusted OR for age group was adjusted only for sex, whereas the adjusted OR for sex was adjusted only for age group. similar to the Thailand rates. In a comprehensive analysis and review by Nair et al [1] , region-specific rates of RSV-associated severe ALRI varied widely, with 3-50 cases per 1000 children/ year among children aged <5 years and 6-96 cases per 1000 children/year among those <1 year, but were generally consistent with the rates of RSV-associated hospitalization we describe for Thailand. Annual RSV hospitalization rates in the United States were lower than the rates we found in Thailand among children aged <5 years overall (300 vs 981 cases per 100 000 persons/year) but slightly higher for children aged <6 months (1700 vs 1195 cases per 100 000 persons/year) [16] . Age-specific incidence is important for targeting future prevention and control strategies. Our large sample size allowed incidence estimates in finer age strata than those presented in some previous studies [5, 6] , although the estimates in age groups with small numbers of patients had wide CIs. We found that the incidence of ALRI hospitalizations involving RSVpositive patients was highest among children aged <12 months and that the incidence among children aged 6-11 months exceeded that among children aged <6 months. Finding the highest rates among children aged 6-11 months was consistent across most years in Thailand but differed from previous studies that found higher rates of RSV-associated hospitalization among those aged <6 months [1, 14, 16] . This difference may be attributable to higher rates of hospitalization among children aged 6-11 months in Thailand, compared with rates in other settings, rather than higher rates of infection. Hospital access in Thailand is good, even in rural areas [17, 18] , and physicians tend to have a relatively low threshold for hospitalization. Hospital access and clinician thresholds for hospital admission may vary less across settings for infants aged <6 months than for older infants and children, for whom good hospital access and lower admission thresholds in Thailand may have led to relatively higher RSV-associated hospitalization rates. Furthermore, our case definition required evidence of acute infection, such as fever, which may not be present in RSV infection, particularly among younger infants [19, 20] and elderly persons [21] . Our study was not designed to assess factors that could have influenced age-specific differences in the risk of acquiring RSV or developing disease severe enough to require hospitalization, such as host immunity, maternal antibodies, airway physiology, or breast feeding.
The incidence of RSV infection varied considerably by year but showed very consistent seasonality, which supports the importance of seasonally timed interventions, such as hospital infection control measures (eg, cohorting) [22] . The predictable timing of annual RSV infection peaks in Thailand, as in temperate regions, also supports the feasibility of prevention measures that would require annual administration, including future vaccines. However, currently available prevention measures, such as palivizumab therapy for high-risk infants, involve complex delivery schedules [23] and are prohibitively expensive for low-to middle-income countries.
Our study was strengthened by the systematic selection of patients hospitalized with ALRI through a long-standing ALRI surveillance system in all hospitals in 2 different provinces. This design reduces selection bias and improves the generalizability of our findings to other parts of Thailand. The study also has limitations. RSV testing was limited to rRT-PCR of nasopharyngeal specimens, which may have missed cases and underestimated incidence. We did not perform serologic testing, which, in previous studies, has increased case detection by 25%-35% [24] , or viral culture. In addition, our incidence estimates relied on statistical adjustments that assumed that enrolled and nonenrolled patients had an identical prevalence of RSV infection. Patients admitted during nights and weekends were underrepresented in our sample and may have differed from patients admitted during weekdays in terms of demographic characteristics, disease severity, and RSV infection prevalence. Furthermore, because of challenges enrolling patients with severe disease, we know that the frequency of intubation and death among RSV-infected patients was likely underestimated. Our study was limited to hospitalized patients and did not account for the substantial outpatient burden of RSV disease. Previous healthcare utilization surveys in these 2 provinces found that 96% of patients with probable pneumonia sought care outside the home, including at hospitals (58%-80% of patients), private clinics, or healthcare centers [17, 18] , suggesting that we did not miss many cases sick enough to warrant hospitalization. Finally, we did not have data on RSV group because the assay used does not discriminate between RSV types A and B; previous work in these sites found that RSV types A and B cocirculated during annual peaks and that RSV type B was associated with wheezing and older age [5] .
Our findings provide evidence of the substantial contribution of RSV to the global burden of ALRI, especially among infants <1 year of age, and underscore the urgent need for effective prevention measures. The incidence of RSV-associated ALRI hospitalizations among elderly individuals in Thailand is also substantial, and prevention and control measures are also needed for this vulnerable age group. Measures of the economic impact of RSV disease are needed to further quantify its overall burden, especially in middle-income countries where these data are lacking.
Notes
